For many years, Deakin University in Australia has offered a four-year undergraduate engineering degree program; simultaneously online and on campus. This paper describes how we have applied a new design-and project-based pedagogy to a course in sophomore engineering mechanics for civil and mechanical engineers, both online and on campus. Specific challenges included how to deliver educational content and practical
INTRODUCTION
Since the turn of the century, engineering education has followed two very significant trends. The first is the rise of online learning (Bourne et al., 2005) , especially at the master's level (Whiteman, 2012) , and to a lesser extent, at the engineering-technology level (ABET, 2018) . Numerous educators now offer individual engineering courses online, and some North American universities are now offering engineering bachelor's degree programs either via distance education or online (examples include, Krute et al., 2012; Phillips and Saraniti, 2016; Scott et al., 2012; Tang et al., 2015) . The second trend is the shift in educational emphasis from the science of engineering to the practice of engineering through design projects (Froyd et al., 2012) . Design is especially seen at this time, 2019, as what distinguishes engineering from other fields of applied science.
For many years, Deakin University in Australia has offered a number of fully accredited Bachelor of Engineering programs online and by distance education, in parallel with more traditional on-campus programs in the same disciplines (Long and Baskaran, 2004; Long et al., 2014a) . The educational outcomes of the two modes of delivery are identical, and Design and projects-central to the training of any engineer-have always been important components in our majors. Until recently, design projects made up ∼ 25% of the courses in the various programs and always ran both on campus and online. This is especially evident in the mechatronics major Joordens and Jones, 1998) . The past five years have seen the complete redevelopment of Deakin's undergraduate engineering curricula to shift the emphasis from the more traditional engineering degree to one that explicitly emphasizes design projects and collaborative learning.
The new pedagogy is called project-oriented design-based learning (PODBL) and is the result of several years' research, wide consultation with industry and student groups, and pilot trials in individual courses (Chandran et al., 2015; Chandrasekaran et al., 2012 Chandrasekaran et al., , 2013 Chandrasekaran et al., , 2014 . PODBL is an approach to teaching and learning that is based on engineering design activities while driven by a project. PODBL encourages independent, deep learning for students. It is also an approach that supports the development of information literacy and design thinking in the field of tertiary education-two key learning outcomes in engineering. The approach is a unique combination of the two, which incorporates creativity and innovation aspects in projects practiced through design activities. It focuses on students learning through real design activities while driven by a project that has defined deliverable outcomes that are assessed by academics at the end of each semester.
In a studio-based learning environment, participants work in teams of four to six members with a facilitator. The facilitation happens in a way that the problem or project is given in the first week of semester, where students identify the problem, brainstorm and identify the gaps in their knowledge, and identify the learning approach toward a solution. The same team meets regularly throughout the semester to work on a series of design activities.
When the team meets the facilitator in week 3 or 4, depending on the speed of team progression in working out the possibilities, the facilitator guides the team to the next stage of choosing their solution to design, prototype, and iterate with alterations and testing.
The learning and teaching delivery is a combination of online and on-campus learning activities (Chandran et al., 2013) . Collaborative learning enables students to evidence their achievement while they are learning through a studio-based learning environment. The subject content is covered in integrated short, accessible, highly visual, media-rich, interactive learning experiences built for the mobile screen, and integrating learning resources created by the university. Studio-based learning requires students to be generators of content, collaborators in solving real-world problems, and presenters of their achievements in professional and personal digital portfolios. With premium cloud-learning experiences in place, students who come to campus have the opportunity to engage with the teaching staff and peers in opportunities for rich interpersonal interaction through large and small team activities.
PODBL is an opportunity for the students to experience a self-directed learning experience with an appropriate amount of facilitation. The amount of facilitation and support is more in the freshman year and gradually goes down from sophomore year to senior year. On the opposite side, the students' capability of taking ownership of their learning increases from freshman year toward the final year of learning progress. It needs continuous professional development for both students and academics who are involved in learning and teaching.
From previous experience from problem-, project-, and design-based learning approaches around the world, PODBL is a combination of the problem-, project-, and design-based learning components. PODBL caters to online engineering students as well as traditional on-campus students (Maung-Than-Oo et al., 2014) .
The first freshman year in the PODBL curriculum started in first semester, 2016.
Sophomore year also started at the same time. The third year of implementation was in the first semester of 2018. All four years of the civil, electrical, mechanical, and mechatronics engineering programs have now been taught by PODBL. Table 1 Previously, we presented preliminary reports on the implementation of PODBL in the courses Engineering Physics (Long et al., 2016) and Machine Design (Long et al., 2017) .
In this paper, we consider how the implementation went in the sophomore course SEJ201, Structural Design. This course focuses on the students' first training in engineering mechanics. We briefly describe the course that proceeded SEJ201 in the old structure. We present the curriculum of the new two-cp course. We then consider both the academic performance and satisfaction of the sophomore mechanical students before and after the change. Finally, we consider the lessons learned from the experience as they relate to online cohorts. (Hall et al., 2007) . Both courses ran for several years, both on campus and online. On-campus class time was divided up into lectures, tutorials, and lab classes. Online students accessed learning resources and lecture recordings by means of the course website and the university learningmanagement system. Online students also participated in weekly online tutorials by means of the web-conferencing software Elluminate Live (Long et al., 2014b) . Table 2 lists the content and assessment details for these two courses. These two courses also ran in 2016 to allow some students who enrolled prior to 2015 to complete their degrees in the old structure. (Hibbeler, 2012b) ; Dynamics (Hibbeler, 2012a) Hibbeler, Mechanics of Materials (Hibbeler, 2013) 
SEJ201 STRUCTURAL DESIGN
In the new degree program, SEM222 and SEM223 were discontinued. The content of SEM222 went to a new unit, SEM216, Stress and Failure Analysis. SEM223 was replaced by a new double-cp course, SEJ201, Structural Design. SEJ201 introduces and explores the fundamental concepts of mechanics of structures most relevant to civil and mechanical students. The theory part of the unit is essentially a course on statics and mechanics of materials. It builds on concepts introduced in freshman physics and materials, presents all the essential modules of statics, and continues with topics on deformable body mechanics, such as stress, strain, mechanical properties, pure bending in beams, and torsion in shafts. That is, all of the statics components of SEM223 went into SEJ201, and some aspects of mechanics of materials were also added. In addition to the major project, the laboratory work on shear and bending moment diagrams, internal forces, calculations of section properties, stresses in beams, analysis of forces in a truss, and a suspensionbridge experiment of SEM223, Statics and Dynamics, were retained. The new course addresses skills applied in the context of a real-world structural design project. It is a core course in both the mechanical and civil majors.
SEJ201 has six learning outcomes. Students who complete the course can: The student assessment is a mixture of team and individual items:
• Three individual online tests 20%
• Team project design brief 20%
• Individual interim report responding to a mid-project "change" in design requirements 20%
• Individual final report 40%
The assessment methods, rubrics, and online tests were identical both for on-campus and online cohorts. To ensure that students adequately learned the theoretical aspects of mechanics, they were required to obtain at least 50% of the marks allocated in the online tests to pass the course, irrespective of their performance in the project components. The textbook for the course was Hibbeler's Statics and Mechanics of Materials (Hibbeler, 2014) . The project involved designing the principle structural components of a pedestrian bridge. At the beginning of the semester, students were provided with a "basis-of-design brief," containing the key engineering specifications and a set of technical drawings from a preliminary design stage. Students placed themselves in teams of four to six, including a minimum of two civil engineering students and a minimum of two mechanical engineering students so they would work in multidisciplinary teams.
The design component was for a single-span foot bridge. Figure 1 shows the bridge used as a model for 2016 and 2017. It provides a safe shared-use path for pedestrians and cyclists over a local creek. Students were responsible for performing the necessary analysis and providing a preliminary design solution report for costing, as well as a Safetyin-Design risk assessment as a final project report, compliant with the relevant Australian engineering standards.
FIG. 1: Pedestrian bridge used as a model for the design project
At the end of the semester, the students were expected to submit an individual report that included a brief introduction of the project and major constraints of the design project. Students were also required to include in their final report analyses and designs for a number of diverse structural elements, including stay-cables, backstay, A-frame tower, longitudinal and transverse beams, and foundations. This allowed them to apply the acquired knowledge for structure under various loading conditions, as well as apply different methods used in mechanics of structures.
During the 11-week semester, weekly on-campus class time was divided into 2 h of lecture, 2 h of seminars, two separate 2 h design studios, and two lab sessions of 2 h each. Seminars were similar to tutorials in that the class was divided into small groups for problem-solving and collaborative group work. Lectures and seminars were used to deliver the primary educational content; most of this content was concepts from the Hibbeler (2014) text and associated mechanics problems. The two studios had separate roles. The first studio focused on the analysis and design of the bridge and its structural members, and it gave students the opportunity to work in their teams. In the second studio session, civil and mechanical students were assigned to different groups and instructed on discipline-specific design tools, standards, and professional practice. Table 3 shows the topics covered and class activities, week by week. All lectures, seminars, and studios were video-recorded, and the recordings were posted to the course website. Although this was done mainly for the online cohort, the on-campus cohort also had access to the recordings and viewed them regularly. The teaching team held twice-weekly online seminars for the online students by means of the webconferencing software BlackBoard Collaborate (Fig. 2) . Each week both online seminars were recorded and made available to all students. The first seminar was to review and practice mechanics problems. The second seminar was to help online students with their projects.
FIG. 2:
Screenshot of a segment of an online tutorial via the BlackBoard Collaborate webconferencing software. The presentation is on the left, and student comments are on the right.
The students also had access to the Pearson's Mastering Engineering e-learning package, which includes interactive problems (Pearson Education, 2018) . Deakin University in collaboration with Pearson incorporated the access to Mastering Engineering into the course website, which provided students with free access. Students who utilized the website found it very beneficial as they gained experience by solving relevant interactive problems. Moreover, pre-recorded topical videos were also uploaded to the course website as extra resources. This was particularly helpful for off-campus students, some of whom were motivated to study the topics in advance.
In week 7, online students attended a two-day intensive experience at the home campus with the on-campus cohort. During this intensive week, all students attended a one-day workshop facilitated by the teaching team and an industry collaborator. Here, two new project constraints were presented. Then the impact and consequences of the new constraints on the project analysis and design tasks were discussed by the students in their teams. This exposed the students to the common case of when the client changes the specifications of a project halfway through the design process. On the second day, online students attended lab practical sessions on engineering mechanics. In separate sessions at other times in the semester, on-campus students completed the same lab activities. It was also during the intensive week that the online students had the opportunity to attend in-person software troubleshooting sessions with the teaching team.
METHODOLOGY
In this study, we examine student enrolments and completions, academic performance, and student satisfaction for the three years, 2016-2018. For comparison, we also include the academic performance of SEM223 for 2015 and 2016. We measured student satisfaction by means of a university standard survey of students who complete the course (Palmer, 2012) . In this survey, 11 statements are posed and students indicate their agreement or disagreement on a Likert scale (Table 4 ). The students are also invited to make comments on aspects of the unit with which they are happy and those aspects that require improvement. 2 The learning experiences in this course help me to achieve the learning outcomes.
3
The learning resources in this course help me to achieve the learning outcomes.
4
The assessment tasks in this course evaluate my achievement of the learning outcomes.
5
Feedback on my work in this course helps me to achieve the learning outcomes.
6
The workload in this course is appropriate to the achievement of the learning outcomes.
7
The quality of teaching in this course helps me to achieve the learning outcomes.
8
I am motivated to achieve the learning outcomes in this course.
9
I make best use of the learning experiences in this course.
10 I think about how I can learn more effectively in this course.
11
Overall, I am satisfied with this course.
RESULTS
Over the three years, 2016-2018, a total of 328 on-campus and 58 online students completed the course. Of the online students, 22 lived within a 2 h drive of the home campus (Geelong and Melbourne). Two students lived in rural Victoria, and 34 lived in other states (including four from Western Australia). The average on-campus student was 22 years old; whereas, the online students were, on average, 30 years old. Table 5 shows the final academic results for SEJ201. The minimum grade required to pass the course was 50%. For some comparison, academic results for the earlier course SEM223 are shown in Table 6 . In SEJ201, the academic grades for online students were higher (seven percentage points, on average) than those of the on-campus students;
whereas for SEM223, the grades of online students were about the same as those of the on-campus students (only one percentage point difference). For SEJ201, grades improved for both cohorts in the second year of offer but decreased in the third year. Although a direct comparison between the two courses is not apples-to-apples, it is important to consider whether, in the case here of mechanics, a very significant change in curriculum and pedagogy resulted in a massive change in grades, up or down. In this case, average grades did not go down after the change. The difference between the academic performances of the two courses was possibly reduced due to having a hurdle requirement in the compulsory online quizzes. Although the percentage contribution of these to the overall result was low, we believe that the hurdle was effective in motivating students to attend lectures and tutorials, and regularly practice solving Mastering-Engineering interactive questions. It was observed that attendance at online classes was quite high as compared to corresponding classes in other courses. This might be attributed to compulsory tests, student enthusiasm, or the skills of the teaching team. Keeping up with the theoretical aspects of the course helped students tackle the laboratory and project work more effectively.
The data also show that the online cohort has a higher dropout rate than the on-campus cohort. Of the total number of students who enrolled, nine percent of on-campus students withdrew from the course as opposed to 26% of online students who withdrew. This is consistent with other studies, which show that attrition is a serious issue in online courses (Carr, 2000; Moody, 2004; The New York Times, 2013) . It is also consistent with an earlier study of attrition in Deakin University engineering courses, where it was found that the withdrawal rate for off-campus students ranged between 25 and 50%, and the percentage of students withdrawing was significantly higher than that for on-campus students (Palmer and Bray, 2002) . This previous work suggests that competing pressures on the typical online student, such as balancing employment, family, finances, and study, are the biggest factors in why the attrition in online engineering courses is so high. This explanation is certainly concordant with the authors' direct observations in teaching online engineering courses. Figure 3 shows the results of the student-satisfaction surveys 2016-2018, and Table 7 shows how many students in each cohort responded to the survey each year. In all categories except two, online-student satisfaction was higher than on-campus and, in most cases, equal or higher than the university average. All students appreciated the "realengineering" nature of the course. Online students appreciated the recordings of all classes and seminars. The lowest scoring survey item for online students was question 6, workload being appropriate. As one would expect, all students who answered the survey seemed to think that the course was hard work, as compared to other courses. The online students would be acutely aware of this, because they have the added pressures of fulltime work and family, which most of the younger, on-campus students do not have. 
DISCUSSION
PODBL has completed its third year of implementation. One can study the academic and student-satisfaction results of this course with two other courses that have been given a similar preliminary analysis. The academic results of SEJ201 are similar to those of another PODBL course being taught in the mechatronics and mechanical majors, SEM200, Machine Design (Long et al., 2017) . Like SEJ201, for both 2016 and 2017, online students in SEM200 on average outperformed the on-campus students, with grades being in 65-75% range. Although not identical, student-satisfaction scores for SEM200
were comparable to those in SEJ201. Looking at survey question 11, overall satisfaction with the course, online students in SEJ201 were, in general, slightly less satisfied with their course than were the online SEM200 students. However, the overall satisfaction of both courses was over 80% for online students. Overall satisfaction among the on-campus students was generally lower than for the online students. This is not surprising because online students tend to be more mature than the on-campus students. Most online engineering students have full-time jobs. Many already work in industry and have experience with project and design work in their professions.
In contrast, in the fundamental unit SEB101, Engineering Physics (Long et al., 2016) , a preliminary analysis for 2016 showed that the median academic performance for online students was quite close to that for the on-campus students. In this course, overall student satisfaction was lower for online students than for on-campus students. In physics, we suspect that on-campus students have an educational advantage over the online students in that on-campus students, mostly being fresh out of high school, have more recent practice with fundamental problem solving and doing lab experiments than the online students have. Whereas many on-campus students study physics in high school, there are significant numbers of online students who, in SEB101, are taking a formal physics course for the first time, and there are others who are studying physics after a break of several years since high school. A similar pattern can be seen when comparing academic results of SEJ201 with those of SEM223.
From our experience in teaching SEJ201, we note three important lessons regarding online students. Firstly, students generally preferred working in groups with other online students who have similar commitments, namely, working full time, who usually choose to work on their project and assignments during the evening and/or weekends, and who use the same online platforms and tools to collaborate. Secondly, it is very important that every class, presentation, or discussion taking place during on-campus contact sessions are recorded in order for the online students to feel like they are being offered an equivalent learning experience. Recording all audio, including questions posed by students in the classroom and all "whiteboard" workings as they are being presented/written down, were considered essential. (A tablet and document camera were used for this purpose.) This reassures online students that they are not missing out on any information by studying remotely and in their own time. Thirdly, allowing students some time (four to six days) to watch the recordings and following up with online question-and-answer sessions seemed to be well received, with at least 30-40% of the students regularly attending those sessions. Even though these sessions were also recorded and uploaded to the unit website, students found that attending the live sessions added significant value to their learning experience, even when the students did not have their own questions to ask.
Some teaching staff noted with concern that the new course does not place as much emphasis on rigorous learning of engineering mechanics, especially since the assessment in mechanics concepts and problem solving has been changed from an examination to online quizzes. On the other hand, the point of changing the curriculum of the entire program was to make it more exemplary of real engineering-what engineers actually do:
designing solutions to real-word problems through projects. The educator faces this tradeoff in shifting emphasis from the science and analysis of engineering to the practice of engineering. It will take several more years of experience from the teachers and their graduates to decide whether going the way of project-and design-based learning was a good idea or not. At this early stage, while acknowledging the program's limitations, we can say, "So far so good."
CONCLUSIONS
In response to recent trends in engineering education, Deakin University in Australia has shifted emphasis in engineering pedagogy from the more traditional approach of fundamentals first, then design projects, to design-and project-based learning from the start and throughout the entire program. This is being applied to all baccalaureate engineering majors and is taken by both on-campus and online cohorts. Called projectoriented design-based learning (PODBL), the teaching approach recently finished its third year of implementation. In a sophomore-year engineering mechanics course taught by the PODBL method, online students tended to outperform their on-campus counterparts in academic performance. Academic performance of both cohorts was not hugely different from that in similar courses in the previous curriculum and in comparison to other new PODBL courses. Online students tended to be more satisfied with the course than the oncampus students, perhaps in part due to online students generally having more experience with professional projects than the younger and less experienced on-campus students.
